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Alcohol Consumption, Left Atrial Diameter, and Atrial Fibrillation
David D. McManus, MD, ScM; Xiaoyan Yin, PhD; Rachel Gladstone, BA; Eric Vittinghoff, PhD; Ramachandran S. Vasan, MD, DM;
Martin G. Larson, ScD; Emelia J. Benjamin, MD, ScM; Gregory M. Marcus, MD, MAS
Background-—Alcohol consumption has been associated with atrial ﬁbrillation (AF) in several epidemiologic studies, but the
underlying mechanisms remain unknown. We sought to test the hypothesis that an atrial myopathy, manifested by
echocardiographic left atrial enlargement, explains the association between chronic alcohol use and AF.
Methods and Results-—We evaluated the relationship between cumulative alcohol consumption and risk of incident AF in 5220
Offspring and Original Framingham Heart Study participants (mean age 56.3 years, 54% women) with echocardiographic left atrial
size measurements. The incidence of AF was 8.4 per 1000 person-years, with 1088 incident AF cases occurring over a median 6.0
years (25th–75th percentiles 4.0–8.7 years) of follow-up. After multivariable adjustment for potential confounders, every
additional 10 g of alcohol per day (just under 1 drink per day) was associated with a 0.16 mm (95% CI, 0.10–0.21 mm) larger left
atrial dimension. Also in multivariable adjusted analysis, every 10 g per day of alcohol consumed was associated with a 5% higher
risk of developing new-onset AF (hazard ratio, 1.05; 95% CI, 1.01–1.09). An estimated 24% (95% CI, 8–75) of the association
between alcohol and AF risk was explained by left atrial enlargement.
Conclusions-—Our study of a large, community-based sample identiﬁed alcohol consumption as a predictor of left atrial
enlargement and subsequent incident AF. Left atrial enlargement may be an intermediate phenotype along the causal pathway
linking long-term alcohol consumption to AF. ( J Am Heart Assoc. 2016;5:e004060 doi: 10.1161/JAHA.116.004060)
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A lthough alcohol consumption has been associated withatrial ﬁbrillation (AF) in several large epidemiologic
studies,1–3 the responsible mechanisms remain unknown.
Previous electrophysiologic studies have failed to demon-
strate an electrical mechanism,4–7 suggesting that structural
changes in the atrium may be responsible.
Heavy alcohol consumption has long been known to result in
ventricular cardiomyopathy.8 As the smaller atria are known to be
more prone to enlargement and ﬁbrosis than the ventricles,9–11 it
is possible that more modest amounts of alcohol might be
associatedwith evidence of atrialmyopathy.However, the impact
of cumulative alcohol exposure, especially modest alcohol
consumption, during adulthood on left atrial structure remains
largely undetermined. Furthermore, although an emerging liter-
ature provides evidence that alcohol may increase atrial size,12
studies conducted to date have not taken into account the
possible effects of interim AF. As AF itself may lead to left atrial
enlargement,13,14 it remains unknown whether the alcohol-
associated atrial enlargement represents a co-traveler, a subse-
quent effect of AF, or a key intermediate phenotype along the
causal pathway between alcohol exposure and AF.
Using data from the Framingham Heart Study (FHS), we
sought to determine whether cumulative alcohol exposure is
associated with enlargement of the left atrium in a large
ambulatory cohort prior to any ascertainment of AF and to
explore the hypothesis that an increase in left atrial sizemediates
the association between alcohol and risk for incident AF.
Methods
Study Sample
The study sample in the present analysis comprised 5220
participants from Offspring (n=4315) and Original (n=905)
Framingham Study cohorts with available echocardiographic
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and clinical data. The Framingham Heart and Offspring
Studies, as well as their design and methods, have been
described in prior publications.9,15 In brief, participants were
evaluated by a study physician at the Heart Study facility
approximately every 4 to 8 years. At each Heart Study visit, a
physician administers a physical examination and obtains a
thorough medical history. The standard study examination
includes measurements of resting blood pressure. At the
same examination, a laboratory evaluation is performed
assessing standard risk factors, including fasting blood
glucose and lipids. For the analyses examining the relations
between alcohol and echocardiographic left atrial dimension
(LAD), we focused on Original Cohort attendees at examina-
tion cycles 2, 7, 12, 13, 14, 15, 16, and 20 as well as
Offspring examination cycles 1 through 8, at which the
participants underwent a standardized questionnaire to
assess daily alcohol consumption.
Cardiovascular Disease and Risk Factor
Deﬁnitions
FHS participants prescribed an antihypertensive medication
as well as those with either systolic blood pressure
≥140 mm Hg or diastolic blood pressure ≥90 mm Hg were
considered to have hypertension.16 Body mass index was
calculated as weight in kilograms divided by the square of the
participant’s height in meters (kg/m2).16 Treatment with
diabetes mellitus medications or a fasting plasma glucose
≥126 mg/dL were used to determine the presence of
diabetes mellitus.17,18 If participants reported smoking ≥1
cigarette daily during the year prior to their study examina-
tion, they were considered current smokers. If a study
physician auscultated a grade 3/6 or higher systolic murmur
or any diastolic murmur, participants were deemed to have
valvular heart disease. The criteria used by study investigators
to deﬁne myocardial infarction and heart failure are pub-
lished.9,19,20 In brief, a myocardial infarction was considered
present when 2 of 3 following ﬁndings were documented in
the medical record: (1) symptoms indicative of ischemia; (2)
changes in biomarkers of myocardial necrosis; and (3) serial
changes in ECGs indicating evolution of infarction. An old
myocardial infarction was considered to be present when the
ECG showed a stable pattern including either a pathologic Q-
wave or loss of precordial R waves. An autopsy report
showing an acute, new, or recent infarction of the
myocardium was also accepted as evidence of an incident
myocardial infarction. A diagnosis of heart failure required
that a minimum of 2 major heart failure or 1 major and 2
minor heart failure criteria be present concurrently.20 The
presence of other conditions capable of producing the symp-
toms and signs were considered in evaluating the ﬁndings.
Study participants provided written informed consent. The
Framingham Original and Offspring study protocols were
approved by the Boston University Medical Center Institu-
tional Review Board.
Assessment of Alcohol Consumption
Alcohol consumption was ascertained as part of the stan-
dardized general medical history administered to all Framing-
ham Original and Offspring Study participants. Three
questions were asked related to alcohol consumption during
study examinations by a study physician.1 These included,
“During the past year, how many 12-ounce bottles, cans, or
glasses of beer did you consume per week?,” “During the past
year, how many 4-ounce glasses of wine did you consume per
week?”, and “During the past year, how many cocktails (eg,
drinks containing 1–1.5 ounces of liquor) did you consume
per week?”21 In this analysis, we transformed responses to
the 3 questions above into a total quantity of alcohol
consumed per day variable (grams per day).
Echocardiographic Examinations
Each participant completed a maximum of 5 echocardio-
graphic measurements at examinations 2, 4, 5, 6, and 8
(Offspring) or examinations 16 and 20 (Original), yielding a
total of 17 659 observations for the prospective analyses.
Although the sonographic equipment differed across study
examinations, all echocardiograms were performed by
experienced technicians and evaluated using a standardized
protocol by trained study cardiologists. As is recommended
in the American Society of Echocardiography guidelines,
LAD was determined from M-mode echocardiographic
images using a leading-edge-to-leading-edge method, mea-
suring the maximal distance between the posterior aortic
root wall and the posterior LA wall at end-systole. The FHS
has reported excellent reproducibility for M-mode-based
LAD measures.9,20
Atrial Fibrillation
At each FHS examination, a 12-lead ECG is obtained. In
addition, FHS study participants were asked whether or not
they have a diagnosis of AF at all study examinations as well
as during biennial health updates. Records of all interim
hospitalizations were sought for review. If a participant
reported any cardiovascular or neurological disease, all
inpatient and outpatient medical records were obtained.
Multiple sources, including 12-lead ECGs obtained at each
FHS examination, as well as ECGs obtained during cardiovas-
cular disease–related hospitalizations and clinician visits,
were used to ascertain for AF. In addition, inpatient telemetric
data were adjudicated for possible AF. Follow-up for incident
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AF ended in 2013. Cases of potential AF underwent
adjudication by 2 or more study reviewers (including DDM
and EJB).18,20 FHS participants were considered to have AF if
they had either AF or ﬂutter present on any study or clinically
obtained ECG, on a Holter monitor, or if AF was documented
in the hospital record by a treating physician.
Statistical Analyses
Normally distributed continuous variables are described as
meansSD and compared using a mixed model, while non-
normal continuous variables are summarized using quartiles
and compared using the Wilcoxon rank sum test. Categorical
variables and compared using the v2 test and are presented
as n (%).
We assessed the effects of alcohol use on AF by LAD by
examining the association of alcohol use with LAD, the ﬁrst
link in the proposed pathway, and then determining whether
adjustment for the most recent LAD attenuated the associ-
ation of cumulative alcohol use up to the time of the LAD
assessment with subsequent incidence of AF; in this analysis,
both cumulative alcohol use and LAD were treated as time-
dependent covariates. To be included in the analysis,
participants had to have at least 1 LAD assessment, with
alcohol exposure measured to the time of the assessment, as
well as subsequent follow-up for AF. A linear mixed model was
used to estimate the adjusted association between cumula-
tive alcohol intake, as a time-dependent covariate (TDC), with
repeated measures of LAD, accounting for within-individual
correlation using random intercepts (Figure 1). Based on prior
associations with AF and their associations with LAD in
univariate analyses, the linear mixed model was adjusted for
age, age2, sex, body mass index, systolic blood pressure,
antihypertensive treatment, electrocardiographic PR interval,
prevalent valvular heart disease or heart failure, and the
interaction terms=sex9age2, age9valvular heart disease, as
well as age9heart failure. In checking the linear mixed model,
we assessed normality of the residuals and used likelihood
ratio tests to determine the need for more complicated
modeling of within-subject correlation. In a second model, we
adjusted for age, sex, cohort, body mass index, diabetes
mellitus, hypertension, heart failure, heart rate, smoking, and
left ventricular ejection fraction.
Nested Cox proportional hazards models were used to
estimate the adjusted association of cumulative alcohol use
with AF, before and after adjustment for LAD. The TDCs
Figure 1. Model 1 analytic design. Illustration of the structure of the ﬁrst repeated-measure analysis,
where the alcohol ascertainment was obtained before the ﬁrst left atrial diameter measurement (LAD1), the
difference in subsequent LAD measurements were considered (LAD2), and incident AF was ascertained
after the LAD measurement. These analyses were performed in a repeated fashion within individuals to
leverage the longitudinal nature of the study, ongoing assessments, and multiple measures. AF indicates
atrial ﬁbrillation; LAD, left atrial diameter; last con, last contact.
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capturing alcohol use and LAD were deﬁned to preserve
temporal ordering, and thus make causal interpretation more
plausible. Speciﬁcally, as shown in Figure 2, cumulative
alcohol use was assessed in the Original cohort using data
from Examinations 2 through 20 and after examination 20;
LAD was assessed at Examinations 16 and 20; and then these
combinations of TDCs were used to predict incident AF
between Examinations 16 and 20, and after Examination 20.
Similarly, in the Offspring cohort, alcohol use was succes-
sively summarized using data up to and including Examina-
tions 2, 4, 5, 6, and 8; the corresponding TDCs for LAD were
assessed at Examinations 2, 4, 5, 6, and 8; and then each
combination of TDCs was used to predict incident AF in the
intervals between Examinations 2 and 4, 4 and 5, 5 and 6, 6
and 8, and after Examination 8.
Attenuation by LAD was assessed as the percent attenu-
ation of the adjusted regression coefﬁcient for cumulative
alcohol consumption after additional adjustment for LAD, with
a 95% bootstrap conﬁdence interval (CI). Based on their
known association with AF, certain clinical and ECG variables
were selected for inclusion in both Cox models: including age,
age2, sex, body mass index, systolic blood pressure,
antihypertensive treatment, electrocardiographic PR interval,
prevalent valvular heart disease or heart failure, as well as
interactions between sex and age2, age and valvular heart
disease, and age and heart failure.22 In a second model, the
analysis was adjusted for age, sex, cohort, body mass index,
diabetes, hypertension, heart failure, heart rate, smoking, and
left ventricular ejection fraction. The proportional hazards
assumption was veriﬁed using score components.23
SAS version 9.4 (SAS Institute, Cary, NC) was used for all
statistical analyses. Two-tailed P<0.05 were considered
statistically signiﬁcant.
Results
The salient clinical and echocardiographic characteristics of
the 5220 participants included in our analysis are shown in
Table 1. Our cohort was middle-aged (mean age 56.3 years),
over half were women, and most were unaffected by
cardiovascular disease. The average alcohol consumption
reported by participants was 13.316.7 g/day and the mean
LAD at study onset was 38.35.4 mm. The overall incidence
Figure 2. Model 2 analytic design. Illustration of the structure of the second repeated-measure analysis,
where the alcohol ascertainment was obtained before the ﬁrst left atrial diameter measurement (LAD1), the
difference in subsequent LAD measurements were considered (LAD2, LAD3, LAD4, LAD5), and incident AF
was ascertained after the LAD measurement. These analyses were performed in a repeated fashion within
individuals to leverage the longitudinal nature of the study, ongoing assessments, and multiple measures.
AF indicates atrial ﬁbrillation; LAD, left atrial diameter; last con, last contact.
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of AF was 8.4 per 1000 person years (based on a total of
1088 incident AF cases out of 17 659 observations) over a
median 6.0 (interquartile range 4.0–8.7) years of follow-up.
Total alcohol intake and baseline LAD did not vary signiﬁcantly
by cohort.
After multivariable adjustment, every additional 10 g of
alcohol consumed per day (just under 1 drink) was associated
with a 0.16 mm (95% CI, 0.11–0.22 mm) higher LAD
(Table 2). The association between alcohol and LAD did not
vary signiﬁcantly by cohort (P=0.13). However, there was no
signiﬁcant association between alcohol and the change in
LAD (P=0.18) adjusting for the covariates (Table 3). Alcohol
consumption was not associated with change in left atrial size
over time among men or women (Table 3).
Chronic alcohol consumption was also associated with
higher risk for incident AF. In multivariable adjusted analysis,
every 10 g per day of alcohol consumed was associated with
a 5% higher risk of developing new-onset AF (hazard ratio,
1.05; 95% CI, 1.01–1.09; Table 4).
Finally, the association between alcohol and AF was
substantially attenuated in models adjusting for LAD
(Table 4): an estimated 24% (95% CI, 8–75) of the association
between alcohol and AF risk was explained by left atrial
enlargement.
Discussion
In our cohort study including over 5000 middle-aged and older
adults largely free from cardiovascular disease at baseline and
Table 1. Participant Characteristics by Incident AF Status
Variable
No AF*
(n=16 571)
Incident AF
(n=1088) P-Values
Age, y 55.512.5 68.68.6 <0.0001
Men, n (%) 7520 (45) 577 (53) <0.0001
BMI, kg/m2 27.04.9 28.054.9 <0.0001
Average ETOH
consumption,
in g/day
7.3 [4.0, 16.9] 8.6[3.5, 22.2] <0.0001
Systolic blood
pressure, mm Hg
12719 13821 <0.0001
Current smoker 3553 (21) 154 (14) <0.0001
Prevalent HF, n (%) 67 (0.4) 24 (2.4) <0.0001
Prevalent valvular
heart disease, n (%)
276 (2) 64 (6) <0.0001
Hypertension 6276 (38) 742 (68) <0.0001
Diabetes mellitus 1083 (7) 131 (12) <0.0001
Antihypertensive
treatment, n (%)
3456 (23) 492 (49) <0.0001
Baseline left atrial
dimension, mm
38.15.3 41.96.0 <0.0001
LVDD 48.14.7 49.15.2 <0.0001
LVFS 0.410.12 0.440.15 <0.0001
Electrocardiographic
PR interval, ms
16324 17229 <0.0001
Heart rate 6512 6511 0.12
Data are presented as meansSD or number (percentage), except ETOH consumption
[interquartile range]. Values reported were measured at baseline of each follow-up
window. AF indicates atrial ﬁbrillation; BMI, body mass index; ETOH, alcohol; HF, heart
failure; LVDD, left ventricular diastolic dysfunction; LVFS, left ventricular fractional
shortening.
*No AF indicates absence of diagnosed AF at baseline or in follow-up. There were
16 571 observations for the 4861 unique participants.
Table 2. Effect of Alcohol Consumption on LAD
Number of
Observations
Regression
Coefﬁcient (SE)
(mm per 10 g/day) P-Value
Model 1
Overall group 17 659 0.16 (0.03) <0.0001
Cohort
Original 1881 0.12 (0.08) 0.15
Offspring 15 888 0.16 (0.03) <0.0001
Model 2
Overall group 17 659 0.16 (0.03) <0.0001
Cohort
Original 1881 0.11 (0.09) 0.24
Offspring 15 888 0.18 (0.03) <0.0001
LAD indicates left atrial dimension; SE, standard error.
Variables included for adjustment in the multivariable model 1: generation, age, age2,
sex, body mass index, systolic blood pressure, antihypertensive drug treatment, PR
interval, valvular heart disease, heart failure, sex9age2, age9valvular heart disease,
age9heart failure (interaction terms) for pooled analysis. Variables included for
adjustment in the multivariable model 2: generation, age, sex, body mass index, diabetes
mellitus, hypertension, heart failure, heart rate, current smoking status, and left
ventricular ejection fraction for pooled analysis.
Table 3. Effect of Alcohol Consumption on Change in
LAD Over Time
Number of
Observations
Regression
Coefﬁcient (SE)*
(mm per 10 g/day) P-Value
Overall group 13 223 0.08 (0.06) 0.18
Men 6075 0.09 (0.07) 0.15
Women 7148 0.02 (0.11) 0.86
BMI indicates body mass index; HF, heart failure; HRX, antihypertensive drug treatment;
LAD, left atrial dimension; SBP, systolic blood pressure; VHD, valvular heart disease.
*Mixed linear model was used with LAD variables as outcome, alcohol intake as main
predictor, and random effect to account for within-individual correlation. Covariates:
generation, age, age2, sex, BMI, SBP, HRX, PR, VHD, HF, sex9age2, age9VHD, age9HF
for pooled analysis; generation, age, age2, BMI, SBP, HRX, PR, VHD, HF, age9VHD,
age9HF for sex-speciﬁc analysis.
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followed for over 6 years for AF, we observed that heavier
self-reported alcohol consumption related to greater left atrial
size and higher risk for incident AF. We observed that up to a
quarter (and up to 75%) of the association between alcohol
and AF was mediated by echocardiographic LAD. The
attenuation of the association between alcohol and incident
AF after adjustment for LAD is consistent with the hypothesis
that LA enlargement is a key intermediate phenotype along
the causal pathway to AF.
Principal Findings
Despite the widely held belief by the public that alcohol has a
beneﬁcial effect on general heart health, acute alcohol
consumption has long been linked to development of AF.24
In the Framingham, Copenhagen, and Women’s Health
Studies, chronic alcohol consumption, especially 2 or more
drinks per day, is associated with up to 30% higher risk for
incident AF.1–3 Acute alcohol exposure enhances electro-
physiologic vulnerability to AF in experimental models,7 but
our understanding of the mechanisms underlying the
observed epidemiological associations between alcohol and
AF remains incomplete. The paucity of data relating to the
downstream structural and electrophysiological effects of
chronic alcohol consumption on the atrium stand in contrast
to the abundance of data linking alcohol to ventricular
enlargement and systolic dysfunction.25
Understanding the mechanisms underlying the relation-
ships between alcohol and AF is important for several
reasons. First, some patients may beneﬁt from moderate
consumption of alcohol,26–28 and identifying those at risk for
cardiovascular-system harm (such as given evidence of LA
enlargement) may help to counsel patients regarding their
speciﬁc risks versus beneﬁts appropriately. Second, as the
etiology of AF remains incompletely understood in the
majority of patients, identifying mechanisms of known risk
factors might help to reveal new therapeutic targets. Third, as
alcohol may represent a modiﬁable risk factor for AF,
elucidating the nature by which the substance may enhance
AF risk is important.
LA structural remodeling, as assessed by LAD, relates to
advancing age, male sex, higher body mass index, and greater
blood pressure, all key risk factors for AF. Exposure to AF risk
factors inﬂuences tracking of LAD over the adult life course,
LA enlargement preceding AF, and higher LAD conferring an
increased risk for incident and recurrent AF.9,29–32 Chronic
alcohol consumption has been associated with ventricular
dilation and left ventricular dysfunction.1,25,28 Recent studies
suggest that atrial remodeling and AF may also result from
alcohol exposure.8 We sought to better understand the
associations between chronic alcohol consumption, atrial
remodeling, and incident AF. Atrial remodeling is a process
characterized by structural and electrophysiological change.
Pathological remodeling facilitates the creation of an atrial
substrate that is vulnerable to AF initiation, AF persistence,
and AF recurrence.9,29–33 LA enlargement, as characterized by
echocardiographic LAD, is related to incident AF, heart failure,
stroke, and mortality.9,29–33 LA enlargement is sometimes
seen in association with valvular or ischemic heart disease,
and in these settings can reﬂect atrial volume or pressure
overload, or as a consequence of AF.13,14,32,34
The ﬁndings of several recent investigations suggest that
chronic consumption of alcohol may lead to LA-speciﬁc
structural and electrophysiological remodeling.8,30 In 1 cross-
sectional study including over 4000 elderly Atherosclerosis
Risk in Community study participants, increasing alcohol
intake was associated with larger left ventricular diastolic and
systolic diameters as well as larger LA diameter (P<0.05).8 We
observed a similar association between alcohol consumption
and LAD in a larger and younger ambulatory cohort affected
by less cardiovascular comorbidity and with modest con-
sumption of alcohol. However, we were not able to detect a
statistically signiﬁcant association between alcohol consump-
tion and change in LAD over serial echocardiograms. One
possible explanation for this negative ﬁnding is the fact that
the effect of chronic alcohol consumption on LA size requires
several years or even decades. As such, the ﬁrst echocardio-
gram reﬂects a greater burden of alcohol-related change than
is captured by the serial echocardiographic images obtained
over a relatively short period of time. Another possible
explanation for this ﬁnding relates to the fact that alcohol
leads to an increase in LAD only up to a point (quantiﬁed by
the ﬁrst echo), but with limited or negligible subsequent
effect. Lastly, this analysis required that at least 2 LAD
measurements be required for inclusion and limited statistical
power may have been responsible for our inability to detect
signiﬁcant relations between alcohol consumption and
change in LAD over time.
Our study is novel in that it leveraged the serial assess-
ments of LA size and alcohol consumption as part of the FHS
to conduct a comprehensive assessment of the relations
between ﬂuctuating levels of alcohol consumption and LAD
change over time. In another single-center study of 122
patients undergoing pulmonary vein isolation, heavier alcohol
Table 4. Relations Between Cumulative Alcohol Consumption
and Incident AF Before and After Adjustment for Left Atrial
Diameter
Model Hazard Ratio (95% CI) P-Value
Before adjustment for LAD 1.05 (1.01–1.09) 0.027
After adjustment for LAD 1.03 (0.99–1.07) 0.13
AF indicates atrial ﬁbrillation; LAD, left atrial dimension.
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consumption was related to greater atrial scar burden, as
measured using low-voltage recordings during electrophysiol-
ogy study, and AF recurrence postablation. Notably, mediation
analyses suggested that the low-voltage area (a surrogate for
atrial scar burden) was a mediator of the effect of alcohol
consumption on AF recurrence after ablation. The results of
our investigation extend and support these ﬁndings by
suggesting that echocardiographic LAD may also reﬂect atrial
remodeling burden from alcohol consumption and that
alcohol-induced pathological atrial remodeling may mediate
the relationship between alcohol and new-onset AF in the
community.10
Strengths and Limitations
The strengths of our study include the use of a large,
community-based sample with standardized echocardio-
graphic observations and standardized evaluation of alcohol
consumption as well as other cardiovascular risk factors. We
recognize several limitations to our analyses. First, AF may be
asymptomatic and not clinically detected. Although it remains
possible that LA enlargement might occur because of
undetected AF, rather than directly because of alcohol, occult
AF would likely bias our results toward the null hypothesis and
would not lead to false-positive associations. Second, the
anteroposterior LA dimension provided by M-mode and used
for the determination of LAD in our analyses may not reﬂect
true atrial size. Although the LA generally enlarges in a
spherical fashion, symmetrical enlargement does not always
occur, and thus volumetric assessment of LA size is a more
accurate measure of true atrial size. M-mode-based LA
assessment is, however, a well-studied and valid measure of
LA size,19 and we were limited by the availability of only M-
mode data in the Framingham Study at the earlier examina-
tion cycles. Third, participants in the cohort were middle-aged
to older adults and largely white, limiting the generalizability
of our ﬁndings to other age or racial groups.
Conclusions
Given the increasing population burden of AF and the high
prevalence of alcohol consumption among Americans, it is
important to characterize the relationships between alcohol
consumption and AF and to identify important potential
intermediate phenotypes, such as increased LAD. Our
prospective, community-based investigation identiﬁed signif-
icant associations between alcohol and AF as well as alcohol
and LAD. Furthermore, mediation analyses suggest that a
substantial proportion of the association between alcohol and
AF is mediated by LAD. These data, although observational,
are consistent with the notion that chronic alcohol
consumption, even at moderate levels, can be cardiotoxic
and lead to pathological atrial structural change that can, in
turn, enhance vulnerability to AF later in life.
Sources of Funding
Research reported in this publication was supported by the
National Institute on Alcohol Abuse and Alcoholism of the
National Institutes of Health under Award Number
R01AA022222 (Marcus), 1U01HL105268-01 and KL2RR031
981 (DDM), HHSN268201500001I; N01-HC 25195; 1R01HL
128914; 2R01HL092577; (EJB) from the National Heart, Lung
and Blood Institute of the National Institutes of Health, and
the Division of Intramural Research, National Heart, Lung, and
Blood Institute of the National Institutes of Health, Bethesda,
MD. The funders of the study had no role in the study design,
data collection, data analysis, data interpretation, writing of
the report, or the decision to submit the article for
publication.
Disclosures
Dr McManus has received research funding from Biotronik
and Philips Healthcare. He is a consultant and equity holder of
ATRIA, Inc. and MobileSense, Inc. Dr McManus is a consultant
for Pﬁzer and Bristol Meyers Squibb, Inc. Dr Marcus has
received research funding from Medtronic, Pﬁzer, and Rhythm
Diagnostic Systems and is a consultant and equity holder of
InCarda Therapeutics.
References
1. Djousse L, Levy D, Benjamin EJ, Blease SJ, Russ A, Larson MG, Massaro JM,
D’Agostino RB, Wolf PA, Ellison RC. Long-term alcohol consumption and the
risk of atrial ﬁbrillation in the Framingham Study. Am J Cardiol. 2004;93:710–
713.
2. Mukamal KJ, Tolstrup JS, Friberg J, Jensen G, Grønbaek M. Alcohol
consumption and risk of atrial ﬁbrillation in men and women: the Copenhagen
City Heart Study. Circulation. 2005;112:1736–1742.
3. Conen D, Tedrow UB, Cook NR, Moorthy MV, Buring JE, Albert CM. Alcohol
consumption and risk of incident atrial ﬁbrillation in women. JAMA.
2008;300:2489–2496.
4. Nguyen TN, Friedman HS, Mokraoui AM. Effects of alcohol on experimental
atrial ﬁbrillation. Alcohol Clin Exp Res. 1987;11:474–476.
5. Greenspon AJ, Schaal SF. The ‘holiday heart’: electrophysiologic studies of
alcohol effects in alcoholics. Ann Intern Med. 1983;98:135–139.
6. Gould L, Reddy CV, Becker W, Oh KC, Kim SG. Electrophysiologic properties of
alcohol in man. J Electrocardiol. 1978;11:219–226.
7. Engel TR, Luck JC. Effect of whiskey on atrial vulnerability and ‘holiday heart’. J
Am Coll Cardiol. 1983;1:816–818.
8. Goncalves A, Jhund PS, Claggett B, Shah AM, Konety S, Butler K, Kitzman DW,
Rosamond W, Fuchs FD, Solomon SD. Relationship between alcohol
consumption and cardiac structure and function in the elderly: the
Atherosclerosis Risk in Communities Study. Circ Cardiovasc Imaging.
2015;8:e002846.
9. McManus DD, Xanthakis V, Sullivan LM, Zachariah J, Aragam J, Larson MG,
Benjamin EJ, Vasan RS. Longitudinal tracking of left atrial diameter over the
adult life course: clinical correlates in the community. Circulation.
2010;121:667–674.
DOI: 10.1161/JAHA.116.004060 Journal of the American Heart Association 7
Alcohol, Atrial Diameter, and Atrial Fibrillation McManus et al
O
R
IG
IN
A
L
R
E
S
E
A
R
C
H
 by guest on January 17, 2017
http://jaha.ahajournals.org/
D
ow
nloaded from
 
10. Nattel S, Burstein B, Dobrev D. Atrial remodeling and atrial ﬁbrillation:
mechanisms and implications. Circ Arrhythm Electrophysiol. 2008;1:62–73.
11. Burstein B, Libby E, Calderone A, Nattel S. Differential behaviors of atrial
versus ventricular ﬁbroblasts: a potential role for platelet-derived growth
factor in atrial-ventricular remodeling differences. Circulation. 2008;117:
1630–1641.
12. Singh KJ, Cohen BE, Na B, Regan M, Schiller NB, Whooley MA. Alcohol
consumption and 5-year change in left atrial volume among patients with
coronary heart disease: results from the Heart and Soul study. J Card Fail.
2013;19:183–189.
13. Ausma J, Wijffels M, Thone F, Wouters L, Allessie M, Borgers M. Structural
changes of atrial myocardium due to sustained atrial ﬁbrillation in the goat.
Circulation. 1997;96:3157–3163.
14. Sanﬁlippo AJ, Abascal VM, Sheehan M, Oertel LB, Harrigan P, Hughes RA,
Weyman AE. Atrial enlargement as a consequence of atrial ﬁbrillation. A
prospective echocardiographic study. Circulation. 1990;82:792–797.
15. Kannel WB, Feinleib M, McNamara PM, Garrison RJ, Castelli WP. An
investigation of coronary heart disease in families. The Framingham Offspring
Study. Am J Epidemiol. 1979;110:281–290.
16. Huan T, Esko T, Peters MJ, Pilling LC, Schramm K, Schurmann C, Chen BH, Liu C,
Joehanes R, Johnson AD, YaoC, Ying SX, Courchesne P,Milani L, Raghavachari N,
Wang R, Liu P, Reinmaa E, Dehghan A, HofmanA, Uitterlinden AG, Hernandez DG,
Bandinelli S, Singleton A, Melzer D, Metspalu A, CarstensenM, Grallert H, Herder
C, Meitinger T, Peters A, Roden M, Waldenberger M, D€orr M, Felix SB, Zeller T;
International Consortium for Blood Pressure GWAS (ICBP), Vasan R, O’Donnell
CJ, Munson PJ, Yang X, Prokisch H, V€olker U, van Meurs JB, Ferrucci L, Levy D. A
meta-analysis of gene expression signatures of blood pressure and hyperten-
sion. PLoS Genet. 2015;11:e1005035.
17. Meigs JB, D’Agostino RB Sr, Wilson PW, Cupples LA, Nathan DM, Singer DE.
Risk variable clustering in the insulin resistance syndrome. The Framingham
Offspring Study. Diabetes. 1997;46:1594–1600.
18. Liu E, McKeown NM, Newby PK, Meigs JB, Vasan RS, Quatromoni PA,
D’Agostino RB, Jacques PF. Cross-sectional association of dietary patterns
with insulin-resistant phenotypes among adults without diabetes in the
Framingham Offspring Study. Br J Nutr. 2009;102:576–583.
19. Lubitz SA, Yin X, Rienstra M, Schnabel RB, Walkey AJ, Magnani JW, Rahman F,
McManus DD, Tadros TM, Levy D, Vasan RS, Larson MG, Ellinor PT, Benjamin
EJ. Long-term outcomes of secondary atrial ﬁbrillation in the community: the
Framingham Heart Study. Circulation. 2015;131:1648–1655.
20. Lloyd-Jones DM, Larson MG, Leip EP, Beiser A, D’Agostino RB, Kannel WB,
Murabito JM, Vasan RS, Benjamin EJ, Levy D; Framingham Heart Study.
Lifetime risk for developing congestive heart failure: the Framingham Heart
Study. Circulation. 2002;106:3068–3072.
21. Downer B, Jiang Y, Zanjani F, Fardo D. Effects of alcohol consumption on
cognition and regional brain volumes among older adults. Am J Alzheimers Dis
Other Demen. 2015;30:364–374.
22. McManus DD, Lin H, Tanriverdi K, Quercio M, Yin X, Larson MG, Ellinor PT,
Levy D, Freedman JE, Benjamin EJ. Relations between circulating microRNAs
and atrial ﬁbrillation: data from the Framingham Offspring Study. Heart
Rhythm. 2014;11:663–669.
23. Wei L, Lin D, Weissfeld L. Regression analysis of multivariate incomplete
failure time data by modeling marginal distribution. J Am Stat Assoc.
1989;84:1065–1073.
24. Whitman IR, Pletcher MJ, Vittinghoff E, Imburgia KE, Maguire C, Bettencourt L,
Sinha T, Parsnick T, Tison GH, Mulvanny CG, Olgin JE, Marcus GM. Perceptions,
information sources, and behavior regarding alcohol and heart health. Am J
Cardiol. 2015;116:642–646.
25. Yousaf H, Rodeheffer R, Paterick T, Ashary Z, Ahmad M, Ammar K. Association
between alcohol consumption and systolic ventricular function: a population-
based study. Am Heart J. 2014;167:861–868.
26. Smyth A, Teo KK, Rangarajan S, O’Donnell M, Zhang X, Rana P, Leong DP,
Dagenais G, Seron P, Rosengren A, Schutte AE, Lopez-Jaramillo P, Oguz A,
Chifamba J, Diaz R, Lear S, Avezum A, Kumar R, Mohan V, Szuba A, Wei L,
Yang W, Jian B, McKee M, Yusuf S; PURE Investigators. Alcohol
consumption and cardiovascular disease, cancer, injury, admission to
hospital, and mortality: a prospective cohort study. Lancet. 2015;386:1945–
1954.
27. Gemes K, Janszky I, Ahnve S, Laszlo K, Laugsand L, Vatten L, Mukamal K.
Light-to-moderate drinking and incident heart failure—the Norwegian HUNT
study. Int J Cardiol. 2016;203:553–560.
28. Hernandez-Hernandez A, Gea A, Ruiz-Canela M, Toledo E, Beunza J, Bes-
Rastrollo M, Martinez-Gonzalez M. Mediterranean alcohol-drinking pattern and
the incidence of cardiovascular disease and cardiovascular mortality: the SUN
Project. Nutrients. 2015;7:9116–9126.
29. Vaziri SM, Larson MG, Benjamin EJ, Levy D. Echocardiographic predictors of
nonrheumatic atrial ﬁbrillation. The Framingham Heart Study. Circulation.
1994;89:724–730.
30. Kizer J, Bella J, Palmieri V, Liu J, Best L, Lee E, Roman M, Devereux R. Left atrial
diameter as an independent predictor of ﬁrst clinical cardiovascular events in
middle-aged and elderly adults: the Strong Heart Study (SHS). Am Heart J.
2006;151:412–418.
31. Ristow B, Ali S, Whooley MA, Schiller NB. Usefulness of left atrial volume
index to predict heart failure hospitalization and mortality in ambulatory
patients with coronary heart disease and comparison to left ventricular
ejection fraction (from the Heart and Soul Study). Am J Cardiol.
2008;102:70–76.
32. Abhayaratna WP, Seward J, Appleton C, Douglas P, Oh J, Tajik A, Tsang T. Atrial
size: physiologic determinants and clinical applications. J Am Coll Cardiol.
2006;47:2357–2363.
33. Benjamin EJ, D’Agostino RB, Belanger AJ, Wolf PA, Levy D. Left atrial size and
the risk of stroke and death. The Framingham Heart Study. Circulation.
1995;92:835–841.
34. Pritchett A, Mahoney D, Jacobsen S, Rodeheffer R, Karon B, Redﬁeld M.
Diastolic dysfunction and left atrial volume: a population-based study. J Am
Coll Cardiol. 2005;45:87–92.
DOI: 10.1161/JAHA.116.004060 Journal of the American Heart Association 8
Alcohol, Atrial Diameter, and Atrial Fibrillation McManus et al
O
R
IG
IN
A
L
R
E
S
E
A
R
C
H
 by guest on January 17, 2017
http://jaha.ahajournals.org/
D
ow
nloaded from
 
Martin G. Larson, Emelia J. Benjamin and Gregory M. Marcus
David D. McManus, Xiaoyan Yin, Rachel Gladstone, Eric Vittinghoff, Ramachandran S. Vasan,
Alcohol Consumption, Left Atrial Diameter, and Atrial Fibrillation
Online ISSN: 2047-9980 
Dallas, TX 75231
 is published by the American Heart Association, 7272 Greenville Avenue,Journal of the American Heart AssociationThe 
doi: 10.1161/JAHA.116.004060
2016;5:e004060; originally published September 14, 2016;J Am Heart Assoc. 
 http://jaha.ahajournals.org/content/5/9/e004060
World Wide Web at: 
The online version of this article, along with updated information and services, is located on the
 
 for more information. http://jaha.ahajournals.orgAccess publication. Visit the Journal at 
 is an online only OpenJournal of the American Heart AssociationSubscriptions, Permissions, and Reprints: The 
 by guest on January 17, 2017
http://jaha.ahajournals.org/
D
ow
nloaded from
 
